1 H-NMR = proton nuclear magnetic resonance; SIG = strong ion gap; TCA = tricarboxylic acid.
We read with interest the commentary of Venkatesh and Morgan in the February issue of Critical Care [1] , in which they discuss the continuing need for clarification of the nature of unmeasured anions in critically ill patients. The questions asked in this commentary arise from the study of Bruegger and colleagues in a previous issue of this journal [2] . The main issue discussed is the ongoing uncertainty about the contribution of intermediates of the tricarboxylic acid (TCA) cycle to the strong ion gap (SIG). As Venkatesh and Morgan accurately point out, the extremely high concentrations of acetate and citrate found by Bruegger and colleagues may very well be confounded by the exogenous administration of resuscitation fluids and blood products in the animal model described.
In the March issue of Critical Care Medicine, we published our study conducted in critically ill patients with a metabolic acidosis with and without an increased SIG, representing the absence or presence of unmeasured anions [3] . We explored the presence of and contribution to the SIG of a large variety of compounds, largely organic acids and amino acids, by use of several laboratory techniques such as ion-exchange column chromatography and gas chromatography. In addition, proton nuclear magnetic resonance ( 1 H-NMR) spectroscopy was used to quantify intermediates of the TCA cycle. Despite our elaborate attempt, only 7.9% of the difference in SIG between the low and high SIG groups could be explained by the presence of high concentrations of amino acids, uric acid, and organic acids. As a single compound, uric acid was responsible for the largest relative contribution to the SIG, namely 2.2%.
Our study excludes many other potent unmeasured anions, such as uremic toxins and pyroglutamic acid, as major contributors to the SIG. As to the presence of TCA cycle intermediates, only succinic acid was significantly elevated in the high SIG group but it accounted for only 0.07% of the increased SIG. Furthermore, concentrations of isocitrate and citrate obtained by gas chromatography were not relevantly elevated in the high SIG group and all intermediates of the TCA cycle quantified with 1 H-NMR spectroscopy, including acetic acid, corresponded to the published reference ranges. As outlined in our discussion, these findings are in contradiction to a recent human study [4] . The accumulation of TCA cycle intermediates by the mechanism of accelerated amino acid catabolism would imply distinct patterns of altered amino acid concentrations, which also was not supported by the results of our study.
Our research enables us to answer the last question posed in the commentary of Venkatesh and Morgan. Raised concentrations of (iso)citrate and acetate do not clarify the SIG in the critically ill. Thus, a significant contribution of TCA cycle intermediates to the SIG in human acidosis is excluded. However, given the small percentage of the SIG that was represented by the measured anions, a largely unclarified portion of the strong anion gap remains to be explored.
